Purpose Several techniques for chronic distal biceps tendon repair have been reported; however, the literature is sparse. Methods Seven male patients who underwent chronic distal biceps tendon reconstruction were retrospectively evaluated. All patients had significant retraction necessitating the use of an allograft for reconstruction. The procedure was done through a single incision using suture anchors and a tibialis anterior allograft. In each case, the graft was first fixed to the radial tuberosity with suture anchors, and then the allograft was sutured to the remnant of the native biceps tendon at 60°o f elbow flexion. Patients were evaluated with the Mayo Elbow Performance Score (MEPS), Disabilities of Arm, Shoulder and Hand (DASH) scores and elbow range of motion (ROM).
Introduction
Distal biceps rupture is a relatively uncommon injury, accounting for 3-10 % of all biceps tendon injuries [1, 2] . The injury typically occurs in middle-aged men engaged in activities that involve an eccentric extension load while the elbow is flexed. Rupture of the distal biceps tendon causes significant loss of supination strength and mild loss of elbow flexion strength [3] [4] [5] [6] and is often associated with pain, ecchymosis and cosmetic deformity. However, despite the classic history and physical examination findings, diagnosis and intervention are often delayed for various reasons.
The optimal time for surgical repair following distal biceps rupture is within two weeks of injury, wherein blunt dissection and mobilisation of the biceps tendon down to the radial tuberosity can be done with relative ease [7] . After two weeks, tendon mobilisation is more difficult, and increased dissection is often necessary, potentially leading to higher complication rates. In tears older than six weeks and up to 12 weeks, tissue retraction, loss of elasticity, formation of adhesions and scar and early atrophy can preclude primary reattachment of the tendon to the radial tuberosity [7] .
Because of technical difficulty and the frequent impossibility of primary re-attachment, chronic distal biceps ruptures were historically treated nonoperatively. Whereas results were deemed to be acceptable, recent studies of nonoperative treatment demonstrate significantly decreased elbow strength, with 50 % loss in supination peak torque and 30 % loss in flexion peak torque without significant loss in endurance [3, 8] . Non-anatomical surgical repair involving attachment of the ruptured tendon to the brachialis muscle may be successful in restoring elbow flexion strength but does not improve supination strength [1, 9] . Due to these shortcomings, numerous anatomical surgical techniques have been developed to repair chronic distal biceps tendon ruptures. The use of various grafts, including fascia lata [10] , semitendinosus [11, 12] , flexor carpi radialis (FCR) [13] , hamstring [14] and Achilles tendon allograft [4, 15] have been described previously. Though surgical outcomes are reported to be superior to conservative treatment [3] , reported complications with surgical intervention include radioulnar synostosis, heterotopic bone formation, neurological injury, donor-site morbidity, infection and graft failure [7, 16] .
This study describes a modification of a previously published surgical technique [4] for repairing chronic distal biceps tendon rupture using a single-incision approach with two Mitek G4 suture anchors (Mitek Surgical Products, Inc., Norwood, MA, USA) and tibialis anterior allograft. We hypothesised that our initial series of seven patients would have similar outcomes to those published in the literature.
Materials and methods

Surgical technique
The operation at our institution is performed under regional anaesthesia with the patient in the supine position and the operative arm on an arm board. A nonsterile tourniquet is applied to the upper arm as far proximally as possible. An Esmarch is used to exsanguinate the limb, and the tourniquet is inflated to 250 mmHg. An S-shaped incision starting proximally and medially, crossing the antecubital fossa transversely and finishing distally and laterally in the region of the radial tuberosity is made. Blunt dissection is then used to expose the interval between the pronator (medial) and the brachioradialis (lateral). When developing the plane between the pronator teres and brachioradialis muscles, the forearm should be kept in supination at all times. The lateral antebrachial cutaneous nerve should be identified and preserved. At this time, the biceps muscle and remnant of the tendon is exposed and the surrounding scar tissue released. An Allis clamp is used to control the distal bicep tendon stump and create longitudinal traction. However, because of the chronicity, the tendon stump is often retracted, thickened and small ( Fig. 1) . Blunt retractors are then placed on either side of the radial tuberosity to expose the native distal biceps tendon insertion site, making sure contact with bone is maintained at all times when placing the retractors to avoid injury to the posterior interosseous nerve (PIN). Keeping the arm in full supination also decreases the likelihood of injury to the PIN. The radial recurrent vessels should also be preserved if possible; however, they can be sacrificed if necessary. At this point, the remaining soft tissue should be removed from the radial tuberosity. After drilling the medial cortex, two Mitek G4 suture anchors are impacted into the radial tuberosity (one proximal and one distal), taking care to stay as medial as possible to better recreate the normal anatomical insertion. Irrigation is used to remove any bony debris to decrease the chance of heterotopic ossification. A tibialis anterior allograft is used to reconstruct the distal biceps tendon. One strand of no. 2 Ethibond suture from each anchor is used to place a Krakow stitch up the given side of the tibialis anterior graft, and the sutures are tied together at about the four centimetre mark.
Using the two remaining strands from the anchors, the graft is tensioned back down to the insertion on the radial tuberosity, and knots are tied to secure it (Fig. 2) . At this point, we flex the elbow to approximately 60°and attach the tibialis anterior graft to the distal biceps tendon stump using interrupted, nonabsorbable no. 0 Ethibond sutures (Fig. 3) . After the allograft is sutured to the distal biceps tendon stump, the graft is doubled back onto itself; figure-of-eight 0 Vicryl sutures are used to increase the strength of the repair (Fig. 4) . We also incorporate the allograft into the lacertus attachment if possible. Once this is completed, we make sure we have good tension on the biceps tendon. The tourniquet is released, and haemostasis is achieved with bipolar electrocautery. After the wound is copiously irrigated and haemostasis achieved, the deep layer is closed with interrupted 2-0 Vicryl sutures, followed by a running 3-0 Prolene suture. A dry sterile dressing is applied.
Postoperative management
Postoperatively, the arm is placed in a posterior splint at approximately 70°of flexion for one to two weeks and transitioned to a hinged elbow brace for six weeks. Passive range of motion (ROM) from 60-100°in the hinged elbow brace is initiated after splint removal and increased by 10-15°p er week, with the goal being full ROM by six to eight weeks postoperatively. Limitations during physical therapy for the first six weeks include no active elbow flexion or forearm supination. At postoperative week six, the patient can begin active and active-assisted elbow flexion without the hinged elbow brace. Progressive strengthening is performed from six to 12 weeks after surgery, with return to full sport or work at six months.
Clinical outcome measures
An institutional review board approved this retrospective case series. Seven patients who underwent the surgical procedure and postoperative rehabilitation protocol were retrospectively evaluated using prospectively collected data. The average age of the seven patients in our cohort was 44 (range 34-59) years. All patients were men, all were right-hand dominant and all were active individuals who required biceps strength. Four patients injured their right elbow and three their left. The average time from injury to surgery was 25 (12-56) weeks, and the average time of final postoperative follow-up was 16 months. Only patients who underwent distal biceps tendon repair after six weeks from original injury were included. Further, only patients who had at least one year of clinical follow-up were included. Primary outcomes were postoperative Mayo Elbow Performance Scores (MEPS), Disabilities of Arm, Shoulder and Hand (DASH) scores and ROM as determined by a hand-held goniometer. Intraoperative and postoperative complications were also evaluated.
Results
The average postoperative ROM of all seven patients was as follows: extension 4°(0-12°), flexion 134°(130-140°), pronation 82°(75-85°) and supination 80°(70-85°). The average postoperative MEPS was 94 (80-100; six excellent, one good). The average DASH score was 6.67 (range 0-19.8). One patient developed lateral antebrachial cutaneous neuritis that resolved without specialised treatment at three months postoperatively. No other intraoperative or postoperative complications occurred.
Discussion
The primary indication for repair of a distal biceps tendon rupture is to prevent and treat chronic pain and weakness. Fig. 1 The forceps is holding the chronically torn, shortened biceps tendon that is encased in significant scarring, preventing mobilisation and primary repair to the radial tuberosity Fig. 2 The tibialis anterior allograft is tied and fixed to the radial tuberosity with two suture anchors prior to fixing the allograft to the biceps tendon stump Fig. 3 With the elbow flexed at 60°, the proximal end of the tibialis anterior allograft is sutured to the native distal biceps tendon stump using interrupted, nonabsorbable no. 0 Ethibond sutures Fig. 4 At the end of the procedure, the remaining tibialis anterior allograft is doubled onto itself to enhance the strength of the repair Whereas pain is less common in the chronic injury setting, weakness with elbow flexion and especially supination are common [8, 9] . Thus, repair of a distal biceps rupture is indicated in almost all patients who wish to continue an active lifestyle, especially in the young or those who require heavy use of the upper extremity. The only real contraindications to repair include patients with medical issues precluding surgical intervention and older patients with limited functional goals and no pain [17] . In the chronic setting, however, primary repair can often be difficult, and thus oftentimes an allograft may be required for reconstruction. The purpose of this paper was to describe a modified version of a chronic distal biceps reconstruction in an attempt to double the number of patients in the literature who have undergone chronic distal biceps repair using the above-described technique. Our hypothesis was that results in our initial seven patients in whom a singleincision approach using a tibialis anterior allograft and suture anchors would be similar to results published using other, similar reconstructive techniques. The technique described is a modification of a procedure described by Galatz et al. [17] , which was used to treat acute distal biceps tendon ruptures, and by Darlis and Sotereanos [4] , who used a similar technique to reconstruct chronic distal biceps ruptures. We varied their technique by using a tibialis anterior tendon allograft instead of an Achilles tendon allograft. Advantages of the technique include the use of suture anchors, the use of a single anterior incision, ease of properly tensioning the repair and minimal dissection required to gain adequate exposure to the radial tuberosity. Biomechanical studies performed by Lemos et al. found fixation with two suture anchors to be significantly superior in regard to peak load compared with bone-tunnel fixation for repairing distal biceps tendon ruptures [18] . Compared with an endobutton, suture anchors have less displacement at ultimate tension load and less stiffness in initial cycles but similar stiffness with repeated cycles [19] . Compared with two-incision techniques, our single-incision technique reduces risk of radioulnar synostosis and heterotopic ossification, the latter being reported in 10-15 % of cases in some series [6, 20] . Although permanent neurological injury, heterotopic ossification and radioulnar synostosis remain a possibility, they were not reported by Galatz et al. [6] , Darlis and Sotereanos [4] or the authors of this study. Ultimately, because minimal dissection is required to expose the radial tuberosity, the risk of PIN and radial nerve injury is minimised compared with other single-incision techniques, which use drill holes in the radial tuberosity for reattachment with sutures from the posterior aspect of the radius. The only neurological complication in our series was a single case of lateral antebrachial cutaneous neuritis, which resolved at the threemonth follow-up without requiring specialised treatment.
Although the study is limited by a small sample size, its retrospective nature and a lack of muscle-strength testing, in our cohort of seven patients, we achieved good to excellent clinical results with excellent ROM, and average MEPS of 94. In addition, to date we have not seen any rerupture at an average follow-up of 16 months. The study thus doubles the number of patients described in the literature by Darlis and Sotereanos [4] , who reported an average MEPS of 97 (six excellent, one good), with no complications and using a very similar technique to treat chronic distal biceps ruptures.
Conclusion
The tibialis anterior graft allows adequate length for doubling the graft upon itself, creating increased strength of repair without risk of donor-site morbidity. The issue of tensioning is simplified via initial attachment of the graft to previously placed suture anchors and subsequent incorporation of the graft into the distal bicep tendon stump. In our experience, this allows more flexibility and precision when tensioning at an exact degree of flexion. On the basis of our experience and the theoretical advantages of the technique, reconstruction of a chronic distal biceps tendon rupture with a single incision, suture anchors and tibialis anterior allograft achieves good to excellent clinical results with minimal complications.
